anion. The structures of all four compounds were identified by single crystal X-ray diffraction. Micro X-ray fluorescence spectroscopy (µ-XFS) was used to confirm the heavy atom compositions, and optical absorption measurements were performed to determine the optical band gaps.
Introduction
Ternary chalcogenido mercurate phases have been discussed in the recent past as being interesting materials for sensing and in diagnostic applications of hard radiation detection and diagnostics, as these applications require a specific combination of properties. 1 For example, for an efficient interaction with radiation, high atomic numbers are crucial. Furthermore, dark current and electronic noise are only suppressed if the band gap is not too small (≥1.6 eV), and the crystals should exhibit large enough size and hardness. All of these preconditions seem to be achievable in A/Hg/E phases (with A being an alkali(ne earth) metal and E being a chalcogenide), while many other materials have drawbacks at one or the other point.
2
Due to these intriguing properties, numerous A/Hg/E compounds have been generated in the past two decades, most of them by the Kanatzidis group, who have enormously developed the field of heavy metal-chalcogen compounds in general by applying high-temperature and flux-syntheses. We have recently shown that chalcogenido metalates can be accessed at much lower temperatures under solvothermal or ionothermal reaction conditions. 3 This way, both solvates and solvent-free phases have been observed. 4, 5 In the course of our most recent investigations, we have obtained a series of cesium selenido mercurates by aminothermal extraction of the corresponding parent phases, Cs x Hg y Se z , with 1,2-diaminoethane (en). All of them comprise [HgSe 2 ] 2− units, but their integration in the crystal structure is different for all cases. In this report, we describe and discuss the syntheses, the structural variety and the optical absorption properties, thereby complementing the existing series of Cs/Hg/Se phases. [6] [7] [8] 
Discussion

Syntheses
General reaction scheme. Compounds 1-3 are accessible via aminothermal reactions of ternary Cs x Hg y Se z phases in en (1; x/y/z = 2/2/3) or in an en/water mixture (40 : 1) (2, 3; x/y/z = 2/1/2), maintained at 150°C for 4 days. The ternary precursor phases are prepared by fusion of Cs 2 Se and HgSe at 600°C in the respective stoichiometric ratio. This way, 1-3 were obtained in 30-50% crystalline yield. The aminothermal reaction of Cs 2 Se and HgSO 4 in a 2 : 1 ratio in dry en yielded 4 in very good yield (approximately 80%), yet along with Cs 2 SO 4 as a side product. The formation of further byproducts HgSe and Cs 2 Hg 3 Se 4 is observed in different amounts in each of these reactions. The overall synthetic route is illustrated in Scheme 1. Further details are given in the Experimental section. cell ( Fig. 1 In the crystal structure of 2, the collinear anionic strands extend along 〈001〉, four along the unit cell edges, and one passing through 3 crystallizes in the monoclinic space group P2 1 /n with four formula units per unit cell (Fig. 3) . The Hg atoms are coordinated by two Se atoms almost linearly (177.31(2)°). A slight deviation from linearity is unusual, since attractive interaction with any neighboring Se atom seems to be absent (nearest Se⋯Hg distances are above 4.0 Å). However, the nearest Cs⋯Hg distance is 3.803(1) Å and might therefore induce weak repulsive interactions. The Hg-Se distance of 2.417 (1) to the ab plane (Fig. 4) . The anions within each of the sets are oriented approximately parallel to (012) and (012), respectively. These layers are intercalated with another set of layers, formed by the planar [HgSe 3 ] 4− anions and the diselenide anions both of which are arranged coplanarly and parallel to (001). All of the diselenide anions are further oriented along 〈100〉. The anions are separated by Cs + cations and en molecules. The latter are disordered over two positions, which inhibited the localization of protons on the difference fourier map. We assume that three quarters of the amine groups are protonated for charge balance, as further Cs atoms were not observed. Proton transfer and even more complex degradation of en are not untypical for reactions involving chalcogenidometalates in en. For this, it is most likely that the protons originate from the solvent itself. 21 The Cs + cations are situated in different coordination polyhedra, with Cs⋯Se distances of 3.481(2)-4.030(1) Å, and with coordination numbers five (Cs1, Cs3, Cs5, Cs7) in distorted square pyramids or six (Cs2, Cs4, Cs6) in octahedral coordination, respectively. Optical absorption properties. UV-visible absorption measurements were performed on single-crystalline samples of compounds 1-4 to determine their optical bandgaps. The results (Fig. 5) are in good agreement with the visible color of the compounds, and reflect well the dimensionality of their respective anionic substructure and polyselenide content. 1, which contains exclusively molecular ("0D") [HgSe 2 ] 2− anions, exhibits the largest bandgap of the four compounds (3.0 eV). Upon increasing the dimensionality of the anionic substructure to 1D, the bandgap decreases slightly to 2.4 eV in 2, in spite of the presence of one equivalent of crystal water. binary HgSe (−0.15 eV). 22 Notably, the bandgap determined for 1 with a molecular Cs 2 [HgSe 2 ] structure is notably smaller than that predicted for a selenido mercurate Cs 2 [HgSe 2 ] with a 1D anionic substructure. 1 Additionally, we also found a significantly smaller bandgap for the 1D analog 2, although its structure is "diluted" by crystal water. Considering the incorporation of diselenide anions into a selenido mercurate structure, we observed bandgap narrowing with the increasing diselenide ratio. The bandgap of 2.1 eV in 4 is smaller than that in 1 and even 2, though it only comprises selenido mercurate anions of the lowest dimensionality. Yet, the incorporation of a diselenide anion results in a significantly lower bandgap. This effect is even more distinct in the case of 3 (1.7 eV), where one 0D mercurate ion is combined with one diselenide ion.
Experimental
General
All manipulations were performed under strict exclusion of air and moisture (unless stated otherwise) using standard Schlenk and glovebox techniques. En was dried over CaH 2 and distilled prior to use. Water was degassed three times at 1 × 10 −3 mbar, and subsequently saturated with Ar. Cs 2 Se was synthesized from the elements in liquid ammonia and HgSe by fusion of the elements in a silica glass ampoule using an oxygenmethane torch. Pure samples of 1-4 suitable for different analyses were prepared by manual selection of the crystals from the raw products due to the presence of side-products. This is not uncommon for solvothermal methods, which represent a certain limitation and drawback of the solvothermal approach.
Synthesis of Cs 2 [HgSe 2 ] (1)
A solid phase with the nominal composition "Cs 2 Hg 2 Se 3 " was prepared by fusion of Cs 2 Se and HgSe in a 1 : 2 ratio in a silica glass ampoule with an oxygen-methane torch at about 600°C, and the resulting solid was pestled after cooling to room temperature. 0.7 g of the raw phase and 2 mL of en were placed in a glass vial inside the PTFE inlay (inner volume 15 mL) of a steel autoclave. The autoclave was closed tightly and heated to 150°C for 4 days before slowly cooling to room temperature over 1 day. 
Elemental analyses
The heavy atom composition of compounds 1-4 was determined by means of micro X-ray fluorescence spectroscopy (µ-XFS), using a Bruker M4 Tornado with a Rh target X-ray tube and a Si drift detector. Fluorescence photons emitted by the sample were detected during an acquisition time of 120 s, followed by deconvolution of the spectra. The elements were then quantified based on the Se-K, Cs-L and Hg-L radiation. The results are shown in Table 1 .
Single crystal X-ray diffraction studies
Single crystals for X-ray diffraction analyses were selected under paratone oil using a standard light microscope. Suitable crystals were analyzed on a STOE IPDS-2T (1-3) or IPDS-II (4) diffractometer, respectively, at 100 K using Mo-Kα radiation The following E onset values were determined by means of the tangent method: 2.9 eV (1); 2.4 eV (2); 1.7 eV (3); 2.1 eV (4). Note that the onset of absorption for compound 2 is intrinsically red-shifted due to the beginning of decomposition of the very sensitive compound during sample preparation; for this, only the sharply ascending part of the curve was used to determine the optical gap. and a graphite monochromator (λ = 0.71073 Å). Numerical absorption corrections were applied (STOE X-AREA) and the structures were solved via direct methods, followed by fullmatrix-least-squares refinement against F 2 , using SHELXT15, SHELXL15 and the OLEX2 software platform. 23 The crystallographic data of 1-4 are summarized in Table 2 .
Optical absorption spectroscopy UV-visible absorption spectroscopy was performed by analyses of the diffuse reflection of powdered samples. The measurements were carried out using a Varian Cary 5000 dual-beam spectrometer with a Praying Mantis sample holder from Harrick.
Conclusions
In summary, we presented four new cesium selenido mercurate compounds synthesized via aminothermal syntheses in 1,2-diaminoethane (en). These comprise unprecedented selenido mercurate anionic substructures (2, 4) and the molecular [HgSe 2 ] 2− anion (1), which have not been reported in the solid phase without sequestering agents so far. The bandgaps determined for these low-dimensional cesium selenido mercurates match the theory of the influence of dimensionality reduction, thus complementing and supporting the observations made for another set of chalcogenido mercurates of larger dimensionality. Besides, the influence of water on the ability of cesium cations to stabilize anionic substructures of different dimensionalities was investigated. Owing to their good crystal quality, the compounds may be interesting regarding their potential use in sensing or detection of hard radiation. 
